Introduction
Human metapneumovirus (hMPV), a paramyxovirus similar to respiratory syncytial virus (RSV), was first described in 2001 [1] . Although hMPV is primarily known as a causative agent of respiratory tract infections in children, the virus can also cause respiratory infections in adults [2] . Because of an incomplete protective immune response to new genotypes, reinfection occurs frequently, especially in the elderly [2] . However, the clinical manifestations of hMPV need to be further characterized in adults. Here, we report a case of hMPV infection in an elderly patient that was complicated by acute myopericarditis.
Case Report
A 73-year-old woman presented to the emergency room with fever, cough, chest discomfort and progressive dyspnea in early April. The patient had suffered from an influenza-like illness for 4 days before presentation. She had underlying diabetes mellitus and hypertension, and was diagnosed with atri-37 al fibrillation 7 days prior to admission.
On physical examination the patient was slightly dyspneic with a heart rate of 72 beats/min, respiratory rate of 24 breaths/min, blood pressure of 160/77 mmHg and tympanic body temperature of 38.4°C. Lung auscultation revealed crackle in both lower lung fields. Initial laboratory tests showed mild leukopenia, thrombocytopenia, and anemia (Table 1). Serum C-reactive protein (97.57 mg/L) and erythrocyte sedimentation rate (52 mm/h) were elevated, but liver function tests were within normal limits. Hypoxia (oxygen saturation, 88% in room air) was observed on arterial blood gas analysis. Levels of creatine kinase-MB (CK-MB, 7.9 ng/mL) and Pro-B type natriurectic peptide (pro-BNP, 2618 pg/mL) were elevated. Chest X-ray showed cardiomegaly and diffuse opacity in both lower lungs (Fig. 1A) . Electrocardiogram showed atrial fibrillation with a normal ventricular response, and echocardiography showed slightly decreased systolic function (ejection fraction, 50-55%) with a small amount of pericardial effusion that was not present 7 days previously at the time of diagnosis of atrial fibrillation. Chest computed tomography (CT) showed ground-glass opacities in bilateral lungs, right-sided pleural effusion, and pericardial effusion (Fig. 2) . Ultrasound-guided aspiration of pleural effusion revealed a lymphocyte-dominant exudate with pH 7.0, WBC 560 cells/L with relative lymphocytosis (95%), glucose 104 mg/dL, protein 2.8 g/dL, lactate dehydrogenase (LDH) 356 IU/L and adenosine deaminase (ADA) 18.3 IU/L. Pericardiocentesis could not be performed because of safety concerns.
Initially, single-dose intravenous peramivir (300 mg) was given to the patient assuming influenza viral pneumonia. Be- Figure 1 . Chest X-ray findings show cardiomegaly and diffuse opacity in both lower lungs with the dominance on right lower lobe (A), and marked improvement after a 7-day conservative treatment (B). cause of concerns about concomitant bacterial pneumonia, antibiotics were also administered (ceftriaxone 2.0 IV every 24 hours for 7 days and azithromycin 250mg orally bid for 3 days). A throat swab sample was taken from the patient and polymerase chain reaction (PCR) was performed to detect respiratory viruses using Seeplex RV15 ACE Detection kit (Seegene, Seoul, Korea). PCR analysis was positive only for hMPV on the fourth day after hospitalization; tests for other respiratory viruses (influenza virus, RSV, parainfluenza virus, coronavirus, rhinovirus, enterovirus, adenovirus, and bocavirus) were negative. Laboratory tests [sputum gram stain and culture, blood cultures, urinary antigen tests for Streptococcus pneumoniae, and serologic tests for atypical pathogens (Chlamydophila pneumoniae, Mycoplasma pneumoniae, and Legionella species)] were performed on suspicion of concomitant bacterial pneumonia on admission, but none gave positive results.
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Finally, the patient was diagnosed with hMPV infection complicated by pneumonia and myopericarditis. With supportive care including oxygen supplementation, the fever subsided after 2 days of hospitalization and shortness of breath improved progressively. Pneumonia and cardiomegaly were improved on chest X-ray (Fig. 1B) . Systolic function was normalized (ejection fraction, 60-65%), and pericardial effusion disappeared on follow-up echocardiography (7th day after hospitalization). The patient recovered without any serious sequelae.
Discussion
hMPV is a newly discovered respiratory pathogen belonging to the Metapneumovirus genus within the Paramyxoviridae family [2] . hMPV is distributed worldwide and shows seasonal variation, peaking in the late winter and early spring [3] . Particularly in Korea, as reported during early April in this case, hPMV co-circulate with influenza B in spring from late March to early May [4] . hMPV is most prevalent in the pediatric population with almost 100% seroprevalence at the age of five, but with advances in diagnostic technology the virus is increasingly becoming recognized as a significant pathogen in older adults [2] . We experienced an interesting case of hMPV infection complicated by acute myopericarditis that was resolved after conservative management.
Although hMPV is known to cause various upper and lower respiratory syndromes including common cold, bronchiolitis, pneumonia, and asthma exacerbation, the full spectrum of clinical manifestations remains to be clarified [2] . Similar to influenza A virus, hMPV infection can cause primary viral pneumonia, and it be accompanied by concomitant bacterial pneumonia also [4] [5] [6] . In a mouse model, hMPV infection facilitated severe bacterial infection by obstruction of higher levels of airways and induction of inflammatory cytokines [7] . Compared with influenza A infection, the impairment of pneumococcal clearance in the mouse model was shorter for hMPV infection [8] . In the present study, although a bacterial pathogen was not isolated, antibiotics were administered because of concerns regarding concomitant bacterial pneumonia. 
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Although respiratory tract infections are the most common manifestations of hMPV infection, cardiovascular problems may be a feature that distinguishes hMPV infection from other respiratory viral infections; cardiovascular diseases were more common in patients with hMPV infections compared to those with influenza and RSV infections [9, 10] . Previously, a Korean pediatric study identified hMPV as one of the etiologic agents of acute myocarditis [11] , while a Japanese group suggested an association between hMPV seroprevalence and hypertension in elderly subjects [12] . It is not clear whether the virus has a tropism for the myocardium or patients with underlying cardiovascular disease are more vulnerable to hMPV. In either case, myocardial involvement can represent a life-threatening condition and the association between hMPV and cardiovascular diseases needs to be further clarified with respect to both host and virus.
This report has several limitations. First, myocardial and pericardial biopsy was not taken because of safety concerns; therefore, pathologic confirmation of the diagnosis of myopericarditis was not possible. Second, CK-MB was elevated, but cardiac troponin levels were not checked. The elevations of cardiac troponin I or T levels are known to be more common than CK-MB elevation in patients with biopsy-proven myocarditis, and reflect acute, early-onset myocarditis [13, 14] . Third, cardiac magnetic resonance (CMR) imaging was not taken in this case. CMR imaging has emerged as the most important diagnostic tool of myocarditis, distinguishing between ischemic and non-ischemic cardiomyopathy [15, 16] . Although CMR image was not available however, coronary angiography showed normal appearance of coronary arteries only with mild atherosclerosis. Finally, bronchoscopy was not taken, so respiratory virus PCR was just carried out with upper respiratory specimen. Although clinically compatible with hMPV pneumonia, positive PCR with throat swab specimen would not mean lower respiratory tract infection.
In conclusion, hMPV infection may contribute to the development of cardiovascular manifestations, particularly in the elderly population. We should consider the possibility of myocardial involvement in adult patients with hMPV infection if they have suspicious symptoms or signs.
